sequence of a 3.2-kb SacI-PstI fragment of pNAG096 and the deduced amino acid sequence of the gene are shown in Fig. 2 . The GlcNAcase B-encoding sequence has an overall GϩC content of 46.5%, which agrees well with that of Alteromonas sp. (43.5%) (20) . An open reading frame of 2,322 bp starting at base 412 and ending at base 2,733 was found. The open reading frame encoded a protein of 773 amino acids with a molecular weight of 84,615. The deduced amino-terminal 19-amino-acid sequence showed the typical features of signal peptides, which are composed of a positively charged region, a hydrophobic region, and a signal sequence cleavage site. The N-terminal sequences of the native and cloned GlcNAcases B coincided precisely with the sequence starting from leucine residue 20 of the deduced amino acid sequence encoded by the gene. Thus, it was clarified that cleavage of the signal peptide occurred between alanine residue 19 and leucine residue 20, which is compatible with the Ϫ3, Ϫ1 rule of von Heijne (21) . The amino acid sequence of GlcNAcase B was compared with available protein sequences from databases (PIR and Swiss-PROT) as well as those from the literature. The protein sequence of GlcNAcase B revealed a highly significant homology with Vibrio GlcNAcase (49.2%) (17) , Dictyostelium ␤-hexosaminidase (25.0%) (6) , and ␣-(25.8%) (11) and ␤-(27.3%) (13) chains of human ␤-hexosaminidase.
The location of the cloned GlcNAcase B in Escherichia coli JM109 was determined as for the previous paper (19) . The GlcNAcase activity was located mainly in the periplasmic fraction (87% of the total activity). To ensure correct fractionation, we measured ␤-lactamase (15) and malate dehydrogenase (10) activities as marker enzymes in the periplasm and cytoplasm, respectively. When ␤-lactamase activity was determined, 95% was found in the periplasmic fraction and 85.3% of the malate dehydrogenase was present in the cytoplasmic fraction. GlcNAcase B was purified by the successive column chromatographies with DEAE-Toyopearl 650M (1.9 by 47 cm; Tosoh Co., Tokyo, Japan), Sephadex G-100 (2.7 by 91.5 cm; Pharmacia), Cosmogel QA (0.8 by 7.5 cm; Nacalai Tesque, Kyoto, Japan), Superdex 200 (1.5 by 30.5 cm; Pharmacia), and Cosmogel QA from the periplasmic fraction of E. coli carrying pNAG096. Tris-HCl buffer (50 mM, pH 8.0) was used in this procedure. Protein was measured by the method of Bradford (3) with bovine serum albumin as a standard. The final preparation gave a single band in sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (12) , and the molecular mass of the enzyme was estimated as 85 kDa (Fig. 3) .
The isoelectric point of the enzyme was 4.9. On the other hand, the purification of GlcNAcase from cellular extract of Alteromonas sp. strain O-7 was performed by the same procedure as that of the cloned GlcNAcase B. The native enzyme from the strain showed a single band in SDS-PAGE and the same molecular mass as that of the cloned GlcNAcase B (Fig. 3) . The N-terminal amino acid sequences of the two enzymes were also found to be identical (LDQTAVNWLGQNLDVKYTLL-). The yield of cloned GlcNAcase B was better than that of the native one. From 6 g of E. coli cells (2 liters of LB medium containing 100 g of ampicillin per ml) carrying pNAG096, 0.5 mg was obtained as homogeneous protein. In the case of the native enzyme, 0.13 mg was obtained from 20 g of Alteromonas cells (1 liter of Bacto Marine Broth 2216 containing 0.5% colloidal chitin) although the same purification procedure used for the cloned enzyme was used. To characterize the substrate specificity of GlcNAcase B, the rates of hydrolysis of various chitooligosaccharides and synthetic substrates were measured. GlcNAcase activity was measured as in the previous paper (18) . Among the substrates tested, p-nitrophenyl-␤-D-GlcNAc (PNP-␤-GlcNAc) and acetylchitotriose were the best substrates. The enzyme was inactive against all alpha-linked N-acetylhexosamine glycosides, PNP-␤-acetyl-1-thio-glucosamine, and PNP-␤-glucose. The native enzyme also exhibited the same FIG. 1. Restriction map and deletion analysis of pNAG096. The transformants carrying the plasmids with appropriate deletions were transferred to an LB agar plate containing ampicillin (100 g/ml). The transformants grown on LB agar plates containing ampicillin were sprayed with a 0.01 M solution of PNP-␤-GlcNAc in 0.1 M sodium phosphate buffer, pH 7.5. GlcNAcase activity was judged by the production of a bright yellow color of the colonies. ϩ, production of the color; Ϫ, no production of the color. The arrow indicates the coding sequence for the GlcNAcase protein and the direction of transcription of the gene.
FIG. 2.
Nucleotide sequence of a 3.2-kb DNA fragment from pNAG096. The putative ribosome binding site (AGGAA) is underlined. The deduced amino acid sequence of GlcNAcase B is given below the nucleotide sequence. The amino-terminal amino acid sequence of GlcNAcase B from Alteromonas sp. strain O-7 was determined by using an Applied Biosystems model 477A gas-phase sequencer and is underlined. The signal peptide cleavage site is shown by an arrow, and the stop codon is shown by an asterisk. DNA sequencing was done by the dideoxy chain-termination method (14) . VOL. 61, 1995 NOTES 805 on January 12, 2018 by guest http://aem.asm.org/ substrate specificity as that of the cloned enzyme. When PNP-␤-GlcNAc was used as a substrate, the optimum pH and temperature of the native and cloned GlcNAcases B were 9 and 40ЊC, respectively, and the proteins showed identical specific activities (913.6 U/mg of protein).
Nucleotide sequence accession number. The nucleotide sequence data reported in this paper (Fig. 2) will appear in the GSDB, DDBJ, EMBL, and NCBI nucleotide sequence databases with the accession number D29665.
